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Reading Efforts on Visual Displays.

This report summarizes the results of more than 10.000 individual

judgements, carried out in five related studies, all concerned

with perceived reading efforts of text on visual displays and

print outs.

In all experiments the stimulus materials have been real texts

with similar context, lists of names and addresses, showed to the

subjects at random. All subjects have been students and personnel

at the department of Computer Science at the University of

Stockholm. The subjects judged their perceived reading efforts

according to a five grade verbal rating scale: very great effort,

great effort, neither great nor little effort, little effort and

very little effort. The scale also ranges from 0 to 100. Hence a

good combination e.g. of text and background colors has a high

value, while bad combinations have low ones.

Color of text and background

In the first study "Color Information Displays and Reading

Efforts" (Pettersson et.al. 1984), 40 subjects judged the

aesthetic values of twelve colors and thereafter judged the per-

ceived reading efforts of the possible 132 color combinations.

The combination of various software and the CLEA technical equip-

ment, a Cromenco microcomputer, a Scion Micro Angelo Color sub-

system and an interfaced digitizer, allowed the researchers to

"simulate" any kind of actual equipment. However, in this study

strong efforts were made to relate and define the color stimuli

used in the experiments to the Natural Color System. The colors

as well as the color combinations were shown at random. All

experiments were conducted in a controlled "daylight-working-

situation", which might be very different from other experimental

situations conducted in a variety of contexts.
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The context in which a message is presented play a major role with

respect to our perception of the message. E.g. in some studies,

different displays have been used for different subjects.

The study can be concluded in the following points:

1. Colors presented on color displays seem to be ranked in the

same order as surface colors in traditional print media. Blue

was most popular.

2. When text is shown on a visual display there is no color coin -

bination which requires very little reading effort and thus is

very easy to read. From 132 combinations about 35 are accep-

table. Most combinations are bad.

3. The best text color is black, which cause good contrast to most

background colors.

4. The best color combination is black text on a white or yellow

background.

5. A text can be easy to read in any color, provided the back-

ground is carefully selected.

6. The best background color is black, which has good contrast to

most text colors.

7. Reading efforts of color combinations are independent of the sex

of the subjects.

For details regarding p. 2-6 please see Table 1.



Table 1. Judged perceived reading efforts, mean values, all subjects

(high values = good combinational low values = bad omnbinations).

Back-

ground

Whi Gy Bla Bro

Text

Yel Y-R Red R-B Blu B-G Grn G-Y

White 68 76 71 6 59 67 67 65 21 24 8

Grey 61 - 71 52 58 20 19 12 11 56 50 61

Black 64 68 - 60 63 54 31 33 67 66 65 67

Brown 66 43 62 - 65 40 20 11 36 59 61 65

Yellow 5 57 75 66 - 48 60 57 54 19 18 3

Y-R 54 25 66 50 45 - 20 27 28 36 32 46

Red 51 15 49 21 50 15 - 12 18 37 40 49

R-13 64 17 44 8 60 31 13 - 26 51 54 66

Blue 52 9 68 36 53 21 23 15 - 56 52 59

B-G 15 53 71 62 12 35 37 47 54 - 2 11

Green 14 50 66 55 11 28 30 39 45 2 10

G-Y 6 54 73 66 3 43 57 51 56 12 12

Calculated NCS-values: 1200 (white), 5000 (grey), 8500 (black), 6040-

Y5OR (Brown), 1060-Y (yellow), 1070-Y50R (yellow-red), 1080-R (red),

2560-R5OB (red-blue), 2070-B (blue), 1570-B5OG (blue-green), 1070-G

(green), and 1070-G50Y (green-yellow). n = 40



In the second study (Hkansson & Lindell, 1984) color combinations

"simulating" actual commercially available equipments were used.

The terminals/displays studied and simulated were: Alfascope,

Apple, HP 120, HP 9816, IBM PC, PET 700 and Visual 300. 20 sub-

jects judged their perceived reading efforts of texts displayed at

random in the color combinations used in these terminals/displays.

Each background color was also matched against white text.

With respect to the simulated color combinations and perceived

reading efforts the results showed that:

1. No color combination was very good nor very bad

2. One color combination (IBM PC), was better than the majority

and one (Alfascope) was worse.

For details please see Table 2.



Table 2 Judged perceived reading efforts, mean values, of simulated

terminals/displays - color combinations

Terminals/displays Mean 1)

Name Text color Background color

IBM PC "Ice blue" (0005-R80B) "Midnight blue" (4040 -RSOB) 68 (69)

HP 9816 'Snow bluer (0502-B) "Lead-grey" (7502-B) 59 (54)

Apple Green (1070-G) Black-green (8010-B30G) 54 (58)

HP 120 Green (1060-G) Moss-green (8020-B70G) 53 (55)

Visual "Dirty Yellow" Brown (7020-Y10R) 50 (59)

300 (1070-Y)

PEP 700 Green-yellow Grey (6502-B) 47 (60)

(1080-G20Y)

Alf a

scope

"Alfa yellow"

(1080-Y40M

"Redbrown" (7020-Y50R) 38 (55)

1) Mean values in ( ) refer to white text. n = 20



Context

In the third study (Andersson & Nilsson, 1984) the colors of the

actual equipment were altered by placing frames in nine well

defined colors in front of the terminal. In the experiment the

context colors were selected at random. For each context ten

different color combinations on text/background were shown at

random.

Thus 20 subjects, students at the department of Computer Science

at the University of Stockholm, all made 90 judgements of per-

ceived reading efforts. The results showed that:

1. The close context is really important for the perceived reading

effort.

2. The color of a terminal should be rather discrete. Best of all

90 combinations were black text on a white screen with a dark

grey terminal, closely followed by the context colors black,

white and light grey.

3. It is an advantage when the context color is the same as the

color of either the color of the text or the backgrounei. The

combination of context and textjbackground colors must match

against each other. If they clashes the reading effort in-

=eases.

For details please see table 3.



Table 3. Judged perceived reading efforts, mean values for context colors

and combinations of text and background colors. (high values

good combinations, low values = bad combinations).

Text/back-

ground

Blue Red Yellow

Context

Green White Black Brown

Dark

Grey

Light

Grev

Black/White 64 62 59 59 64 66 62 68 64

Black/Yellow 51 49 56 47 47 55 55 50 54

Grey/Black 56 54 56 52 55 54 53 57 58

Blue/Black 53 53 54 49 50 55 55 52 53

Yellow/Grey 41 39 43 40 39 41 41 40 40

White/Red 33 28 28 33 33 30 31 33 30

Red/Green 17 15 16 20 15 15 16 15 17

Alfa scopel 41 42 37 39 40 37 44 41 46

IBM PC
2

62 61 59 54 65 61 57 62 61

Facit
3

53 56 5.. 53 51 53 55 55 57

1) "Alfa yellow" (1080 -Y4OR)/"red brown" (7020 - YSOR)

2) "Ice blue" (0005 - RBOB)/"Midnight blue" (4040 - R80B)

3) "White green" (0070 - G1OY)/ "Dark grey" (7502 -

n = 20
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In the fourth study (Blomqvist & Zwierzak, 1984) the ambient

lighting were altered. It was set at four well defined levels by

using zero, one, two of three nondisturbing fluorescent tube

fittings simulating daylight (WMACcaorette). The windows in the

laboratory was completely covered by black textile fabrics. In the

zero level the roan was totally dark except for the light emitted

by the computer terminal. In each experiment the order of the four

light levels, the different contexts, were selected at random. The

NCS elementary colors were used for combinations of texts and

background. Thlas 20 subjects all made 120 judgements of their per-

ceived reading efforts. The third ambient-liyht-level-part of the

study was a repitition of the first study with respect to the 30

color combinations possible (See tables 4 and 1). The results

showed that:

1. There was a good correlation with the previos findings.(0,98).

2. The ambient light level seem to be of no or very limited

importance for the perceived reading effort. The differences

between the mean values are within the variation at random.

For details regarding p.1 please see Table 4.



Table 4. Judged perceived reading efforts in "nnrmal" lighting, mean values

all subjects. (high values = good combinations, .ow values =

bad combinations)

Background

White Black

Text

Yellow Red Blue Green

White - 84 4 68 64 25

Black 71 - 66 42 f's3 70

Yellow 4 75 - 55 52 11

Red 52 46 43 - 14 37

Blue 53 73 5, 19 - 48

Green 13 66 9 25 39 -

Calculated NCS-values: 1200 (white), 8500 (black), 1060-Y (yellow),

1080-R (red), 2070-B (blue), 1070-G (green). n = 20



Prints outs

In the fifth study print outs from eight different printers were

used (for samples please see table 5) . These print outs were

numbered and showed at random to 40 subjects who judged their per-

ceived reading efforts of the different texts. The results showed

that:

1. From eight tested print outs three cause little reading effort

and thus are easy to read and quite acceptable.

2. Reading efforts of print outs are independent of the sex of the

subjects.

For details regarding p. 1 please see Table 5.

It may be concluded from this study and the previous findings that

at text presented in a good color combination on a visual display

is easier to read than print outs from several printers.



Table 5. Judged perceived reading efforts of computer print outs, mean

values all subjects. (his:2 values = easy to read, low values

= difficult to read)

Rank Mean

1 79

2 70

3 68

4 55

5 50

6 44

7 43

8 31

Sample

1

0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZU8abcdefghi j Klmnopq

rstuvwxyza83A

012345b789ABCDEFGHIJKLMNOPQRSTUVWXYZAbAabcdefgh

ijklmnopqrstuvwxy

0123456789ABCDEFGHIJKLMNOPORSTUVWXYZAdAabodefgh

ijklmnoporstuvwxyza8ai

0123456789ABCDEFGHI:WMNOPORSTUVWXYZ4bAabcefc

hijklmnancrstuvwxyzabAA

0123456789ABCDEFGHIJhLMNOPORSTUVWXYZA04abcde7g

hIjkimnopqrztuvwxyza64jd

01234567PABCDEFGHIJKLMNOPQRSTUVWxYZAohatcdefghliklanopqrstuvwxyzioau

01234567m4A,,CIFYGi,LIKLI,'M'IRsTiliNXYZAO". dtcletl

ni1K1Tnooqrstovwxyzada

012345679,41CDEFGHIAi.et6Proriaoiab:detp3iticlopqrstuvmxyzaoau

40 1) In the experiment actual fullpage texts were used.

13



:references

Andersso.., G. & Nilsson, L.PH. 1984:

Farger kring en bildskarm, Uppsats. Inst. for ABB, Stockholms

Universitet

Blomqvist, J. & Zwierzak, J. 1984:

Upplevd lasanstangning av texter ;A bildskarm vid olika belysninq,

Uppsats. Inst. for ADB, Stockholms Universitet (In Print)

Hakansson, I. & Lindell, M. E. 1984:

Farger p bildskArmar en vetenskapl, Uppsats. Inst. for ALE,

Stockholms Universitet

Pettersson, R., Carlsson, J., Isacsson, A., Kollerbaur, A. and

Randerz, K. 1984:

Color Information Displays and Reading Efforts., CLEA-report,

No. 18, Dep. of Info. Processing Computer Science, University of

Stockholm.

14


